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INTRODUCTION:

There is increasing evidence that genes encoding enzymes that are involved in the metabolism of
endogenous or exogenous carcinogens play a role in the etiology of many cancers, including breast
cancer. The estrogen-metabolism genes that have so far shown promising results include: cytochrome P-
450 17 (CYP17), catalyzing the early steps of the estrogen synthesis pathway [1-3], cytochrome P-450 19
aromatase (CYP19), catalyzing the terminal step in estrogen synthesis pathway [4-6], cytochrome P-450
1A1 (CYP1A1), catalyzing the step in the formation of 2-OH estrogen metabolites, cytochrome P-450 1B1
(CYP1B1), catalyzing the step in the formation of 4-OH estrogen metabolites [7-10], and catechol-O-methyl
transferase (COMT), catalyzing the excretion of carcinogenic 4-OH estrogen metabolites )[11,12]. To date,
all studies examining associations between variants of these estrogen-metabolism genes and breast
cancer used a classical case-control design which is susceptible to population stratification bias, and
produced inconsistent results. We proposed to examine these associations using an innovative family-
based design which avoids such biases, among families participating in the Metropolitan New York Breast
Cancer Registry (MNYBCR), one of the six sites for National Cancer Institute (NCl)-initiated Cooperative
Family Registry for Breast Cancer Studies (CFRBCS) project.

BODY:

This is the final report for the total duration of the study. Since 1995, MNYR assembled 1,150
families with more than 3,500 individuals. Using the existing MNYR resources and the newly-developéd
statistical method of Whittemore and Tu, we proposed to test the hypotheses: 1) whether a woman'’s
carrier status of the hypothesized alleles is associated with her breast cancer status, 2) whether parental
carrier status of the hypothesized alleles is associated with their daughter’s breast cancer risk. To date, all
tasks listed in the Statement of Work have been accomplished. Detailed reports of findings obtained to
date are included in two publications [13,14].

Table 1 presents the FS and NFS for testing the associations between the a priori hypothesized
variant alleles and breast cancer. Each test statistic has approximately a standard Gaussian distribution
under the null hypothesis of no association between genotype and breast cancer risk. A positive value of a
NFS reflects excess transmission of the variant allele to affected daughters, and a negative value
represents fewer such transmissions than expected under the null. Thus a test statistic that is negative but
large in absolute value would suggest that the variant allele is associated with reduced risk. We computed
the FS and NFS under recessive, dominant and additive models. For the dominant models, the number of
affected daughters carrying one or more copies of the variant alleles was compared to that expected from
the parental genotypes according to Mendelian expectation. Similarly, for the recessive models, the

number of affected daughters homozygous for the variant allele is compared to that expected under

4




Mendelian expectation. For the additive models, the total variant allele count in affected daughters is
Ezompared to that expected from the parental genotypes according to Mendelian expectation.

As seen in Table 1, the NFS for association between CYP79 TTTA, allele and breast cancer under
the dominant model is 1.83, which is higher than the critical value (1.65) for a one-tailed test statistic,
suggesting that affected daughters were more likely to receive the CYP19 TTTA; allele from their parents
(irrespective of their ethnic distribution) than unaffected daughters. Like the NFS, the FS was also
statistically sighificant under the dominant model, supporting an association between the CYP19 TTTA4
allele and breast cancer among the parents in these families. The results for CYP19 TTTA:1o alleles did
not show a consistent association, as only the FS was statistically significant under dominant model.
Neither the FS nor the NFS suggested any significant association between the CYP17 variant C allele and
breast cancer, under any of the models of FGAP analyses. The FSs for the association between the
CYP1B1 codon 453 variant C allele and breast cancer were statistically significant (2.33 and 1.77 under
the recessive and additive models, respectively, which are higher than the critical value 1.65) for a one-
tailed test statistic. Similarly, the FS for the association between the COMT codon 158 variant A allele and
breast cancer was statistically significant (1.81 under the additive model, which is higher than the critical
value 1.65) for a one-tailed test statistic. However, in the absence of any association based on NFS (which
is more robust) the associations based on FS are unlikely to be meaningful.

Table 1. Association between variant alleles of estrogen-metabolism
genes and breast cancer

Association Between CYP17/CYP19 Variant Alleles and Breast Cancer

Allele Type Estimated Nonfounder Statistic Founder Statistic
population allele Recessive Dominant Additive Recessive Dominant Additive
frequency (%) Model Model Model Model Model Model
CYP1B1 codon 432
C . 42.77 0.32 -0.83 -0.43 1.35 0.44 1.12
(p-value) (0.38) (0.20) (0.33) (0.09) (0.33) (0.13)
CYP1B1 codon 453
G 16.09 0.59 0.43 0.64 2.33 1.09 1.77
(p-value) (0.28) (0.33) (0.26) (0.01) (0.14) (0.04)
COMT :
A 49.40 -0.48 -1.01 -1.08 1.47 1.30 1.81
(p-value) (0.32) (0.16)  (0.14) (0.07) (0.10) (0.04)
CYP17
C 42 .46 -1.01 -1.52 -1.85 = 0.40 1.08 1.01
(p-value)" (0.16) (0.06) (0.03) (0.34) (0.14) (0.16)
CYP19 (# of TTTA repeats)
(TTTA ) 519 33.71 -1.24 1.26 0.32 -0.32 1.66 1.13
(p-value)’ (0.11) (0.10)  (0.38) (0.37) (0.05) (0.13)
(TTTA) 11 28.78 -1.09 1.83 0.97 -1.50 1.96 0.89
(p-value)” (0.14) (0.03) (0.17) (0.07) (0.03) (0.19)




" Table 2 presents results relating maternal and paternal carrier statuses for the variants of estrogen- -
biosynthesis genes with breast cancer risk in daughters. Mothers of affected daughters were more likely to
carry the CYP19 alleles with 11 TTTA repeats (TTTA44) than expected in the parental population. There
were no such associations between the paternal carrier status of TTTA¢4 or any of the other CYP19 alleles
and breast cancer in daughters. For this hypothesis, the findings for analysis involving CYP19 TTTAx10
corroborated with that of TTTA44 alleles. Although maternal carrier status of the CYP77 C allele tended to
be positively associated with daughter’s breast cancer this association was not specific to the mothers but
was present also among the fathers. Mothers (and fathers) of higher numbers of affected daughters were
more likely to carry the CYP1B1 codon 453 G allele and the COMT codon 158 variant A allele than
mothers (and fathers) of fewer unaffected daughters. Although parental carrier status of the CYP1B71
codon 432 C allele tended to be positively associated with daughter’s breast cancer this association was
not statistically significant.

In conclusion, we found the CYP19 allele with 11 TTTA repeats to be associated with breast cancer
risk in these families. We also found that maternal (but not paternal) carrier status of CYP19 alleles with
11 repeats tended to be associated with breast cancer risk in daughters (independent of the daughters’
own genotype), suggesting a possible in-utero effect of CYP79 [13]. We found no association of a
woman's breast cancer risk with either her own or her mother's genotype of CYP17, CYP1B1, or COMT
gene [14]. This was consistent with results from matched case-control analyses using all available
sibships in these families. We also found that parental carrier status of the CYP7B7 codon 453 variant G
allele and the COMT codon 158 variant A allele was associated with breast cancer risk in daughters [14].

Table 2. Association between mothers’ and fathers’ carrier status of the
variant allele(s) and breast cancer risk in daughters

Mothers’ Carrier Fathers’ Carrier

Variant Allele(s) Status Status
CYP1B1 codon 432
C 1.47 1.58
(p-value) (0.07) (0.06)
CYP1B1 codon 453
G 1.95 3.17
(p-value) (0.03) (<0.001)
COMT
A 1.90 2.45
(p-value) (0.03) (0.01)
CYP17
Cc 1.47 1.40
(p-value)? (0.07) (0.08)
CYP19 (#of
repeats)
(TTTA):10 1.73 0.95
(p-value)? (0.04) (0.17)
(TTTA) 1.52 -0.11
(p-value)? (0.06) (0.46)

*FS was calculated under additive model



KEY RESEARCH ACCOMPLISHMENTS:

Task 1. Identify study subjects and their extracted DNA (Months 1-5)
1. Identify breast cancer cases in the registry who provided blood and have at least one
member of the parents who also provided blood.
Track the DNA aliquots stored in Dr. Santella=s laboratory for these subjects.
Task 2. Determine CYP17, CYP19, COMT and CYP1B1 genotype of 150 cases and their parents
(Months 6-24) :
2a. PCR amplification and RFLP assay on 450 cases and controls.
2b.  Track laboratory procedures on personal computer
Task 3. Data entry and statistical analysis (Months 25-36)
3a. Enter laboratory data into personal computer
3b.  Merge laboratory data with the interview data
3c.  Conduct statistical analysis examining the association of breast cancer in relation to
CYP17, CYP19, COMT and CYP1B1 genotype
3d. Examine the associations with respect to BRCA1/2, the reproductive and hormonal
risk factor status of the index case
3e.  Manuscript preparation

To date, all the major tasks listed in the Statement of Work have been accomplished, including
identification of study subjects and their extracted DNA, determination of CYP17, CYP19, COMT and
CYP1B1 genotype of 150 cases and their parents, and Data entry and statistical analysis. Two
manuscripts have been prepared and submitted for publication. We were unable to examine the
associations with respect to BRCA1/2 status (Task 3d) given the very small number of carriers with
mutations in the BRCA1/2 genes tested to date. This component was dependent on the completion of
BRCA1/2 mutation testing of the study participants as part of the parent MNYR project (not this DOD
project) and the mutation testing of all families are yet to be fully completed.

REPORTABLE OUTCOMES:
Publications:

1) Variants in Estrogen-biosynthesis Genes CYP17 and CYP19 and Breast Cancer Risk: A Family-based
Genetic Association Study. Ahsan H, Whittemore AS, Senie RT, Hamilton SP, Wang Q, Gurvich I,
Santella RM. Breast Cancer Research. In Press

2) A family-based genetic association study of variants in estrogen-metabolism genes COMT and CYP1B1
and breast cancer risk. Ahsan H, Chen Y, Whittemore AS, Kibriya MG, Gurvich |, Senie RT, Santella RM.
Breast Cancer Res Treat. 2004 May;85(2):121-31.

Abstracts and presentations:

1) Ahsan H, Chen Y, Whittemore AS, Senie RT, Kibriya MG, Wang Q, Santella RM. Variants in estrogen-
metabolism genes and breast cancer. Presented at the third Era of Hope meeting for the Department of
Defense (DOD) Breast Cancer Research Program (BCRP). Orlando, Florida, September 25-28, 2002.

2) Ahsan H, Chen Y, Whittemore AS, Senie RT, Kibriya MG, Wang Q, Santella RM. Variants in estrogen-
metabolism genes and breast cancer. Presented at the Molecular and Genetic Epidemiology of Cancer,
An AACR International Conference co-sponsored by the Society of Toxicology in conjunction with the
Molecular Epidemiology Working Group of the AACR. Waikoloa, Hawaii, January 18-23

CONCLUSIONS:




We have accomplished all the major tasks in the approved Statement of Work as planned. Two
manuscripts have been published.

We found the CYP19 allele with 11 TTTA repeats to be associated with breast cancer risk in these
families. We also found that maternal (but not paternal) carrier status of CYP179 alleles with 11 repeats
tended to be associated with breast cancer risk in daughters (independent of the daughters’ own
genotype), suggesting a possible in-utero effect of CYP79. We found no association of a woman's breast
cancer risk with either her own or her mother's genotype of CYP17, CYP1B1, or COMT gene. We also
found that parental carrier status of the CYP1B1 codon 453 variant G allele and the COMT codon 158
variant A allele was associated with breast cancer risk in daughters. Since this is the first study to report
an association with the CYP719 TTTA44 allele, and since multiple comparisons have been made, the
associations reported in this study should be interpreted with caution and need to be confirmed in future
studies.

Although the study found that parental carrier status of certain CYP1B1 or COMT genotypes might
be associated with daughter’s breast cancer risk, the biological basis as well as independent confirmation
of this finding need to be investigated in future larger family-based studies before making meaningful
inferences. While these novel associations, if real, may prove to have important implications in advancing
our understanding of the breast cancer etiology, we believe that future studies need to confirm them before
any meaningful inferences can be made.
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Abstract _

Case-control studies have reported inconsistent results concerning breast cancer risk and
polymorphisms in genes that control endogenous estrogen biosynthesis. We report findings from
the first family-based association study examining associations between female breast cancer risk
and polymorphisms in two key estrogen-biosynthesis genes CYP!7 (T->C promoter
polymorphism) and CYP19 (TTTA repeat polymorphism). We conducted the study among 278
nuclear families containing one or more daughters with breast cancer, with a total of 1,123 family
members (702 with available constitutional DNA and questionnaire data and 421 without them).
These nuclear families were selected from breast cancer families participating in the Metropolitan
New York Registry (MNYR) - one of the six centers of NCI's Cooperative Family Registry for
Breast Cancer Studies. We used likelihood-based statistical methods to examine allelic
associations. We found the CYP/9 allele with 11 TTTA repeats to be associated with breast cancer
risk in these families. We also found that maternal (but not paternal) carrier status of CYP/9
alleles with 11 repeats tended to be associated with breast cancer risk in daughters (independent of
the daughters’ own genotype), suggesting a possible in-utero effect of CYP/9. We found no
association of a woman's breast cancer risk with either her own or her mother's CYP17 genotype.
Findings from this family-based study indicate that a woman’s personal and maternal carrier status
of CYP19 11 TTTA repeat allele may be related to increased breast cancer risk. However, since
this is the first study to report an association between CYP19 11 TTTA repeat allele and breast
cancer, and since multiple comparisons have been made, the associations should be interpreted
with caution and need confirmation in future family-based studies.
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Introduction and Background

Cumulative exposure to circulating estrogen is considered to be of primary importance in
breast cancer etiology. Estrogen biosynthesis, cellular binding and metabolism involve many steps
and the genes controlling these steps may contribute to inherent variability in breast cancer
susceptibility. Endogenous estrogen is produced predominantly in the ovarian theca cells in
premenopausal women and in the breast stromal adipose cells in postmenopausal women. The
current study focuses on CYPI7 and CYPI19, two key genes that control the biosynthesis of
estradiol and estrones from their lipid precursors and that are expressed in these cells. CYP17
controls two successive early steps of endogenous estrogen biosynthesis by converting
pregnenolone and progesterone to precursors of androgen and estrogen. CYP19, also known as
aromatase, controls the terminal step of estrogen biosynthesis by converting 19-carbon steroids
(testosterone and androstenedione) to 18-carbon estrogens (estradiol and estrone).

A T->C single nucleotide polymorphism (SNP) in the 5' promoter region of the CYP17
gene and a TTTA repeat polymorphism in the exon 4-intron 5 boundary region of the CYPI9 gene
have been investigated in breast cancer by a number of studies with inconsistent results (1,2). For
both polymorphisms the variant alleles are considered to be related to an increased biosynthesis of
endogenous estrogen. The CYP17 T->C polymorphism is thought to create an Sp1-type (CCACC)
promoter site (although one study did not confirm this (3)) and is associated with an increased
serum estrogen level (4, 5). After Feigelson and colleagues first published their study showing a
higher risk of breast cancer in relation to the CYP17 C allele among non-Caucasian women (6)
many other authors attempted to replicate this in other populations. While some studies confirmed
this initial finding others did not. All studies reporting an increased risk, including the original
study, found the increased risk in one or more certain subgroups of women studied, e.g., women
with advanced disease (6), women under 40 (7), women under 40 with family history (8), women
over 55 years (9), and women who also carry other genetic polymorphisms (10). Two studies
found that women carrying CYP17 C allele are less likely to use hormone replacement therapy (5,
11) and three studies found that the protective effect of later age at menarche is stronger among
women who do not carry the C allele (5, 6, 12). A recent meta-analysis concluded that the CYP17
T->C polymorphism is not a significant independent risk factor for breast cancer (2).

The CYP19 gene contains a variable number (ranging 7-13) of TTTA repeats in the exon
4-intron 5 boundary region, creating polymorphisms which have been examined in 5 studies
(13-17). Kristensen and colleagues (13) and subsequently others found about a 2-4 fold elevated
risk in relation to certain numbers of CYPI9 TTTA repeat polymorphisms. Although one small
study found a higher risk in relation to the TTTA 7 repeat (TTTA;) allele (14) most studies
reporting an association found elevated risks in relation to one of the higher number of TTTA
repeats: 12 repeat (TTTA12) (13), 10 repeat (TTTA;q) (15, 16) or >10 repeat (TTTAx0) alleles
(17). A meta-analysis published in 1999 based on some of the earlier studies found that women
carrying CYP19 TTTA allele were at higher risk of breast cancer (1).

All previously published studies on the topic examining the association between the
CYP17 and CYP19 polymorphisms and breast cancer discussed above used a classical case-control
design. Given that case-control studies may be susceptible to population stratification bias it is
important to examine these potentially important biologically plausible hypotheses in family-based
studies which are free from such bias. In this study, we examine the association between the
CYP17 promoter T-—>C and CYP19 TTTA repeat polymorphisms and female breast cancer using
a family-based design among nuclear families participating in the Metropolitan New York
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Registry (MNYR) - one of the six international centers of NCI’s Cooperative Family Registry for
Breast Cancer Studies (CFRBCS) project. Although other polymorphisms in the CYP17 and
CYPI9 genes have been reported we focused on these two polymorphisms since they have been
studied most extensively both in relation to their potential associations with breast cancer and also
in relation to their influence on circulating estrogens.

All published studies focused on the relationship between a woman’s own constitutional
genotype and her breast cancer risk. A body of recent literature has provided limited data
suggesting that a woman’s breast cancer risk may be related not only to her own endogenous
estrogens during adolescence and adulthood, but also to her prenatal exposure, i.., in-utero
exposure to her maternal circulating estrogens (18-23). In addition to the main association
between a woman’s own genotype and her breast cancer status, the family-based design of the
current study allows us to address this hypothesis indirectly, by examining the association between
maternal carrier status of CYP17 or CYP19 gene variants (i.e., in-utero exposure to an altered level
of maternal estrogens) and breast cancer status in daughters.

Methods
Selection of Study Participants
Since 1995, the MNYR has been recruiting families with breast and/or ovarian cancers in
clinical and community settings within the metropolitan New York area. Families meeting one or
more of the following criteria are invited to participate: a female <45 years of age at diagnosis of
breast cancer; a female with both breast and ovarian cancer; three or more relatives with breast or
ovarian cancer diagnosed at age >45 years, or ahy male with breast cancer. Following
identification of a proband he/she is invited to participate in the registry and his/her family’s
eligibility is assessed. If the family is eligible and the proband agrees to participate, following
appropriate informed consent, he/she is interviewed either in-person or by phone with an
epidemiology questionnaire and a family history questionnaire. The proband also is asked to
provide permission to contact family members. Blood or buccal samples are also collected and
participants are provided with a self-administered dietary questionnaire to be returned by mail.
Once family members consent to participate, data and blood or buccal samples from the family
members are also collected in a similar manner. For members affected with cancer, tumor tissue
samples are collected and reviewed pathologically. Genomic DNA from white blood cells or
buccal samples has been collected for participants who donated biological samples. To date, the
MNYR has enrolled 1,158 families and over 3,900 total participants.
For this study, we restricted attention to nuclear families having at least one affected
daughter with DNA and at least one parent and/or sibling with DNA. Of the 1,158 families
“enrolled in the MNYR to date, 278 families met these eligibility criteria. Subjects can participate
in the MNYR with or without completion of the full epidemiology questionnaire and/or blood
samples. There were 1,123 family members in the 278 eligible nuclear families (with a total of
1,123 family members) of which 702 completed the full epidemiology questionnaire and provided
blood samples. However, accurate data on relevant variables for the statistical method used in this
study (see below) for the remaining 421 members were available from the family-history
questionnaire completed by the 702 members. There was 99% concordance in data on age and

affected status between women who completed the full epidemiology questionnaire and women
who did not.
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Laboratory Analysis

We evaluated association between the T—>C single nucleotide polymorphism (SNP) in the
promoter region of the CYP17 gene and the tetranucleotide (TTTA) repeat polymorphism in exon
5/intron 4 boundary of the CYPI9 gene. A total of 23 subjects could not be genotyped for CYPI7
and 26 subjects could not be genotyped for CYPI9. Genotype data were available on a total of 679
members (from 277 nuclear families) for CYP!7 and 676 members (from 278 nuclear families) for
CYPI9.

The CYP17 promoter polymorphism was determined using template-directed primer
extension and detection by fluorescence polarization in a 96-microwell-based format (24, 25).
Briefly, DNA isolated from blood cells by salting out was used for genotyping subjects. First, the
target DNA was PCR-amplified (using forward primer TTTAAAAGGCCTCCTTGTGC and
reverse primer TTGGGCCAAAACAAATAAGC) to generate products in the range of 100-200
base pairs. After PCR amplification, the primers were digested with shrimp alkaline phosphatase
and E. coli exonuclease I. Then, single nucleotide extension was carried out in the presence of the
appropriate allele specific ddNTPs differentially fluorescence-labeled with either R110 or
TAMRA purchased from NEN Life Sciences (Boston MA). For single nucleotide extension
reaction both forward and reverse probes were tested to select the optimum (the forward probe
GCCACAGCTCTTCTACTCCAC) based on clear signal differences. The incorporation resulted
in diminished rotation of the fluor compared to the ddNTP. Finally, the fluorescence polarization
was read on a Tecan Polarion fluorescence polarization microplate reader (Research Triangle Park,
NC). The reader generates the genotype data based on the distinct separations (with appropriate
cut-offs) of the fluorescent intensity values for different alleles as compared to internal controls.

The CYPI9 TTTA repeats were determined by PCR amplification (using forward primer
GTCTATGAATGTGCCTTTTT and reverse primer GTTTGACTCCGTGTGTTTGA) followed
by analysis on an ABI 377 system with GenScan software based on the separations on gel
according to the differences in the number of TTTA repeats.

All laboratory assays were performed with laboratory personnel blinded to the subject’s
disease status or family relationships. In addition to assay specific quality control samples, 10%
of samples were reassayed after relabeling to keep laboratory staff blinded to its identity.

Statistical Analysis

We used the Family Genetic Analysis Program (FGAP (26)) to test the null hypothesis of
no association between genotype and breast cancer risk in nuclear families. The FGAP computes
two test statistics: 1) the nonfounder statistic (NFS), a generalization of the transmission
disequilibrium test (TDT) (27, 28) which evaluates transmission disequilibrium from parents to
offspring, and 2) the founder statistic (FS), which compares the distribution of parental genotypes
to that expected under the null hypothesis of no association. The FGAP statistics fully exploit data
from families with variable numbers of affected/unaffected members with variable
(known/unknown) patterns of parental genotypes.Based on the prior evidence, (6) (13) (15-17)we
hypothesized that breast cancer risk is elevated among carriers of the CYP17 C allele and the
CYPI9 variant alleles with 10 or more TTTA repeats (i.e., the TTTA;o, TTTA 1, TTTA2, and
TTTA; alleles). The data analysis was focused on two specific components of the study
hypotheses: 1) whether a woman’s carrier status of the hypothesized alleles is associated with her
breast cancer status, 2) whether a mother’s carrier status of the hypothesized alleles is associated
with her daughter’s breast cancer risk. For testing the first component of a hypothesis, we applied
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the FS and NFS to assess whether specific genotypes of each of the studied genes are related to
breast cancer. Since FS and NFS follow a normal Gaussian distribution under the null hypothesis,
the assessment of statistical significance of the association can be done based on the deviation of
these statistics from the standard critical values under normal distribution.

For simplicity, we describe these analyses for the CYP!17 gene as applied to nuclear
families consisting of two parents and at least one daughter. Parents may be untyped and the
mother's breast cancer status may be unknown. The test statistics, which are likelihood-based
score statistics, are obtained by summing the score contributions from each family. These
family-specific scores are obtained in three steps.

In the first step, we impute a probability distribution for the genotypes of each pair of
parents, conditional on the observed genotypes of all family members. To do this, we obtain
maximum likelihood estimates of the genotypes TT, TC and CC for each of a pair of parents, given
the observed genotypes in the family. These estimates do not require the assumption of
Hardy-Weinberg frequencies for parental genotypes. If, for example, both parents' genotypes were
known, then the probabilities are degenerate at the observed genotypes. Similarly, if both parents'
genotypes were unknown but two offspring had observed CYP17 genotypes TT and CC, then the
parental distributions are degenerate at TC since both parents must be heterozygote.

In the second step, we used the inferred parental genotype distribution and the offspring's
observed genotypes to evaluate disequilibrium in the transmission of CYP17 C from parent to
daughter. We looked specifically at disequilibrium in which affected daughters received more
copies of CYP17 C than do unaffected daughters. This evaluation was done via the NFS. Under
the null hypothesis of no transmission disequilibrium from parent to affected and unaffected
offspring, the NFS has an asymptotic standard Gaussian distribution. The NFS generalizes the
transmission disequilibrium test (TDT) to families with untyped parents and to families with both
affected and unaffected daughters. It can be considerably more powerful than the sibling TDT
(S-TDT) test (29) when applied to families without unaffected daughters.

In the final step, we used the inferred parental genotypes (and the mothers' breast cancer
phenotypes) in the FS to compare the parental genotype distribution to the expected distribution
under the null hypothesis of no association. This statistic treats the affected and unaffected
mothers like cases and controls in a case-control study. However, each parent's contribution is
weighted in proportion to his/her number of affected and unaffected daughters, so that parents of
many affected daughters receive higher weights than do those of few affected daughters.

To test the second component of our hypothesis, i.e., the association between maternal
carrier status and daughter’s breast cancer status, we evaluated whether the genotypes of mothers
with more affected daughters differ from those of mothers with less affected daughters. Such
deviation might be expected if some aspect of a daughter's in-utero environment, governed by the
mother's genotype, influences the daughter's risk of subsequent breast cancer development. The
FS was easily adapted to evaluate this question, simply by comparing separately the observed or
imputed genotypes of mothers with a higher number of affected daughters to those of mothers with
less number of affected daughters. A statistically significant value of the FS when restricted to the
mothers (but not when restricted to the fathers) would provide evidence for this association.

When the null hypothesis is rejected, it is useful to estimate a measure of association
between genotype and risk, such as the odds-ratio, and to evaluate the effects of potential
confounding by hormonal factors. To do so, we also performed conditional logistic regression
analyses (30, 31) on the all the available sibships containing at least one affected sib and at least
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one unaffected sib who had provided blood samples and relevant epidemiology data for statistical
adjustment (165 sibships for CYPI7 and 169 sibships for CYP19).
Results

Of the 277 nuclear families eligible for CYP17 analyses 229 were Caucasian, 4 were
African-American, 41 were Hispanic, and 3 were Asian-American. Of the 278 nuclear families
eligible for CYP19 analyses 229 were Caucasian, 4 were African-American, 42 were Hispanic, and
3 were Asian-American. Table 1 shows the distribution of the study subjects according to CYPI7
and CYP19 genotypes, by family position and breast cancer status. The numbers in each cell
represent the number of specific type of family members in our study population carrying a
particular genotype. The number of TTTA repeats in intron 4 of the CYP19 gene ranged between
7 and 13 in our study population, with the 7 (TTTA7) and 11 (TTTA) repeat alleles being the
most frequent (allele frequency 53.9% and 28.8% respectively). These frequencies are consistent
with those found in Caucasian populations in other studies in the U.S. (15). The frequency of the
CYP17 variant C allele was 42.8% in this study population, which is similar to other studies
conducted in Caucasians (4).

The distribution of the nuclear families according to mother’s and father’s carrier status
and mother’s and daughter’s affected status is presented in Table 2. The majority (~55%) of the
nuclear families contained one affected and one unaffected daughter. The majority of the nuclear
families had one or more parents who did not have the genotyping information available.

Table 3 presents the FS and NFS for testing the associations between the a priori
hypothesized CYP17 and CYP19 variant alleles and breast cancer Each test statistic has
approximately a standard gaussian distribution under the null hypothesis of no association between
genotype and breast cancer risk. A positive value of a NFS reflects excess transmission of the
variant allele to affected daughters, and a negative value represents fewer such transmissions than
expected under the null. Thus a test statistic that is negative but large in absolute value would
suggest that the variant allele is associated with reduced risk. We computed the FS and NFS under
recessive, dominant and additive models. Based on the literature, we hypothesized a priori that
CYP19 alleles with 10 or more TTTA repeats would be associated with breast cancer. We
examined the association between the CYP19 genotype and breast cancer by defining the variant
allele(s) by treating each of the 210 repeat alleles (TTTA o, TTTA;;, TTTA;; and TTTA;3)
separately as the variant allele under each of the three models (realizing that this may have
increased the chance of our finding of a statistically significant association - “see discussion”).

As seen in Table 3, the NFS for association between TTTA; allele and breast cancer under
the dominant model is 1.83, which is higher than the critical value (1.65) for a one-tailed test
statistic, suggesting that affected daughters were more likely to receive the TTTA; allele from
their parents (irrespective of their ethnic distribution) than unaffected daughters. Like the NFS, the
FS was also statistically significant under the dominant model, supporting an association between
the CYP19 TTTA; allele and breast cancer among the parents in these families. None of the other
CYP19 alleles showed a consistent association with breast cancer based on the NFS and FS (results
not shown). Although the FS found an association between the CYP19 TTTA ;5 allele and breast
cancer, this was not supported by the more robust NFS (results not shown).

Neither the FS nor the NFS suggested any significant association between the CYP17
variant C allele and breast cancer, under any of the models of FGAP analyses (see Table 3).

Table 4 presents the results of conditional logistic regression analysis comparing the
CYP17 and CYP19 genotypes between affected and unaffected sisters. These results, adjusted for
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age (in years), hormone replacement use (ever/never), oral contraceptive use (ever/never), age at
menarche (in years) and full term pregnancies (yes/no), are similar to the FGAP results. As seen in
Table 4, carriers of CYP19 TTTA,; allele had an increased risk of breast cancer (OR 1.8; 95% CI
0.9-3.5). -

Table 5 presents results relating maternal and paternal carrier statuses for the variants of
estrogen-biosynthesis genes CYP17 and CYP19 with breast cancer risk in daughters. Mothers of
higher numbers of affected daughters were more likely to carry the CYP19 alleles with 11 TTTA
repeats (TTTA ;) than mothers of fewer unaffected daughters, although this association did not
achieve statistical significance. There were no such associations between the paternal carrier
status of TTTA,; or any of the other CYPI9 alleles and breast cancer in daughters. Although
maternal carrier status of the CYP/7 C allele tended to be positively associated with daughter’s
breast cancer this association was not statistically significant.

Discussion

Despite a sound biological basis for the role of estrogen-biosynthesis genes in breast
cancer, the findings of studies investigating the relationship between these genes and breast cancer
have not been consistent. Employing a case-control design, many of these prior studies, especially
those examining the CYP17 gene-breast cancer relationships, produced conflicting results.
Although compared to CYPI7 a smaller number of studies investigated the association of breast
cancer with CYP19, findings for CYP19 have been relatively more consistent, with most studies
showing a positive association between CYP19 alleles with a higher number (10, 12 or 210) of
TTTA repeats and breast cancer (13, 15-17).

Using a family-based design we investigated the relationships between the CYPI7 and
CYP19 gene variants and breast cancer among families participating in the MNYR. Like many of
the prior case-control studies, the present study did not find any association between the CYP17
C (variant) allele and breast cancer. However, our findings support an association between certain
alleles of the CYP19 intron 4 TTTA repeat polymorphism and breast cancer. Based on the prior
studies we defined each of the CYPI19 alleles with 10, 11, 12 or 13 TTTA repeats as the ‘variant’
allele and examined each association with breast cancer. Unlike some of the prior case-control
studies we did not find the CYPI19 TTTA;o or TTTA,; alleles to be associated with breast cancer.
However, we found the CYP19 TTTA ; allele to be significantly associated with breast cancer in
these nuclear families, under a dominant model. Although we also observed a significantly
positive association between the CYP19 TTTA,j; allele and breast cancer among the parents in
these families, we did not observe excess transmission from parents to affected daughters,
suggesting that the association may be due to chance or bias.

In addition to evaluating associations between a woman’s breast cancer risk and her own
constitutional genotype, we also evaluated whether maternal genotypes are associated with the
breast cancer risk in the daughters (independent of daughter’s own genotype). We found that the
maternal (but not paternal) genotypes of CYPI9 allele with 11 TTTA repeats conferred a
non-significantly elevated breast cancer risk to daughters. This association, although weak, is
consistent with evidence from the prior literature on the association between in-utero exposure to
hormonal factors and breast cancer risk in adulthood (18). While the association may be due to
chance, if confirmed in subsequent studies, it will have important implications in advancing our
understanding of the breast cancer etiology.

Some limitations of the current study warrant consideration. The major limitation concerns
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statistical power. The analysis, which is based on 287 nuclear families, may not have had enough
power to detect small increases in risk associated with certain of the CYP17 genotypes. For
example, we lacked power to evaluate interactions between genotypes for CYP17 and CYPI9 and
both endogenous and exogenous hormonal characteristics, such as age at menarche, timing and
number of pregnancies and use of exogenous hormones. The evaluation of such interaction will be
the subject of a separate future analysis, based on additional numbers of CFR families.

Although the hypotheses examined in this study are not novel, the study design (which is
free from population stratification bias) and the analytical approach have not been applied to these
hypotheses in previous studies. Several limitations of this study warrant caution when interpreting
the findings. First, the selection of nuclear families participating in this study from the MNYR was
not population-based. While this may limit the generalizability of the findings it should not affect
the validity of the observed associations. Second, although it is possible for variations in the
number of nucleotide repeat in hormone-related genes to be associated with cancer risk, such an
association is less plausible biologically for the TTTA repeat numbers in the CYPI9 gene. This is
because the TTTA polymorphism is in the intronic region of the gene and so, it is less likely that
the variant alleles of the gene are directly associated with the functional status of endogenous
estrogens in the body. Nevertheless, it is possible that one or more of the CYP19 TTTA alleles,
including the TTTA ; allele, are in linkage disequilibrium with other functionally relevant alleles,
as suggested by other studies (16). Third, the current study compared multiple CYP19 TTTA
alleles with breast cancer under different models. Although it is possible that multiple
comparisons may have led to the observed associations, the consistency of the associations
involving the CYP19 TTTA,; allele across both parents and transmission to offspring as well as the
similarity between the associations with constitutional as well as maternal genotypes suggest that
these findings may have a biological basis. Further, the fact that the association was observed
under a dominant model only (not under recessive or additive models) and consistent with
conditional logistic regression analysis may be suggestive of the specificity of the finding.

In conclusion, this family-based study found that the CYP19 allele with 11 TTTA repeats
(TTTA1) is associated with breast cancer risk among families participating in a breast cancer
family registry. The study also suggests that maternal carrier status of the CYP19 TTTA ; allele
may be associated with breast cancer in daughters in these families. These associations may have
important implications for understanding etiology and risk prediction of breast cancer. However,
since this is the first study to report an association with the CYP19 TTTA ; allele, and since
multiple comparisons have been made, the associations reported in this study should be interpreted
with caution and need to be confirmed in future family-based studies.
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Table 1. Genotype Distribution of the Study Population by Gender, Family
Relationship and Affected Status

Mothers Daughters

Fathers Sons Total
Affected Unaffected Affected Unaffected

CYP17
CC 2 10 47 41 6 11 117
CT 8 32 147 108 30 22 347
TT 2 19 107 61 8 18 215
Unknown 64 140 0 0 233 0 437
Total 76 201 301 210 277 51 1116
CYP19 (# of TTTA repeats)
17 1 15 88 55 7 21 187
7/8 0 10 34 29 4 5 82
7/9 0 0 1 0 1 0 2
7/10 0 1 5 6 2 0 14
7/11 9 19 106 71 14 19 238
7/12 0 2 9 8 0 0 19
7/13 0 0 0 0 1 0 1
8/8 0 0 4 1 0 0 5
8/10 0 1 3 2 0 0 6
8/11 1 2 24 16 1 3 47
8/12 0 0 1 2 0 0 3
8/13 0 0 0 1 0 0 1
9/11 0 0 0 1 0 0 1
10/11 0 0 2 3 0 2 7
11/11 0 5 19 16 1 1 42
11/12 0 1 4 2 0 0 7
11/13 1 0 2 1 1 0 5
11/not 11* 1 3 0 0 5 0 9
Unknown 63 143 0 0 241 0 447
Total 76 202 302 214 278 51 1123

*Indicates those whose genotype cannot be inferred for both alleles; the other allele could be 7, 8, or 12.
Two of these 9 observations, one is a unaffected mother and the other is the father in the same nuclear family,
will be excluded when allele with 210 repeats is selected as bad allele, because either them could be 11/12.
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Table 2. Distribution of Participating Nuclear Families According to Mother’s Breast Cancer
Status, Mother’s and Father’s Carrier Status of the CYP17 and CYP19 Variant Alleles, and
Number of Affected/Unaffected Daughters

Number of Nuclear Families According to Number of Nuclear Families
Number of Daughters Mother’s Breast Cancer Status and Genotype Total According to Total
Affected Unaffected Father’s Genotype
Affected/Unaffected Carrier Non-carrier Unknown Carrier Non-carrier Unknown Carrier Non-carrier Unknown
CYP17
1/0 3 0 19 17 12 29 80 12 2 66 80
1/1 5 2 38 16 6 85 152 19 4 129 152
1/2 0 0 2 4 0 14 20 4 2 14 20
1/3 0 0 1 2 0 0 3 0 0 3 3
2/0 2 0 3 1 1 9 16 0 0 16 16
2/1 0 0 0 0 0 2 2 0 0 2 2
2+/2+ 0 0 1 2 0 1 4 1 0 3 4
Total 10 2 64 42 19 140 277 36 8 233 - 277
CYP19
1/0 4 0 17 14 13 29 77 7 4 66 77
1/1 5 1 40 12 9 88 155 10 6 139 155
172 1 0 1 5 1 14 22 5 2 15 22
173 1 0 0 1 0 0 2 1 0 1 2
2/0 1 0 4 1 1 9 16 1 0 15 16
2/1 0 0 0 0 0 2 2 0 0 2 2
2+/2+ 0 0 1 0 1 2 4 0 0 4 4
Total 12 1 63 33 25 144 278 . 24 12 242 278
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Table 3. Association Between the CYP19 and CYP17 Variant Alleles and Breast Cancer

Estimated Allele Nonfounder Statistic? Founder Statistic®
Variant Allele(s) Frequency (%) Recessive Dominant Additive Recessive Dominant  Additive
Model Model Model Model Model Model

CYPI7

C 42.46 -1.01 -1.52 -1.85 0.40 1.08 1.01

(p-value) ! (0.16) (0.06) (0.03) (0.34) (0.14) (0.16)
CYP19 (# of TTTA repeats)

(TTTA) 28.78 -1.09 1.83 097 - -1.50 1.96 0.89

(p-value) " (0.14) (0.03) (0.17) (0.07) (0.03) (0.19)

'Based on one-tailed test statistics
2 Values that are statistically significant at one-tailed test are displayed in ‘bold’
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Table 4. Conditional Logistic Regfession Analysis of Discordant Sib-ships for the Association
between CYP17 and CYP19 Genotypes and Breast Cancer

Gene (sibling sets/cases/controls)? Affected Unaffecte Adjusted Odds Ratios

N) )] for Beast Cancer!

CYP17 (165/171/188)
Recessive model TC/TT 146 154 1.0

CcC 25 34 0.6 (0.3-1.4)
Additive model TT 59 56 1.0

TC 87 98 0.9 (0.5-1.6)

CcC 25 34 0.6 (0.2-1.4)
Dominant model TT 59 56 1.0

TC/CC 112 132 0.8 (0.5-1.5)
CYP19 (# of TTTA repeats)(169/175/193)
Recessive model  (TTTA)(TTTA)ower (TTTA ((TTTA)other 165 179 1.0

(TTTA)((TTTA) 10 14 0.7 (0.2-2.3)
Additive model (TTTA) oty TTTA) 11 77 95 1.0

(TTTA)1, (TTTA)otrer 88 84 1.8 (0.9-3.6)

(TTT4),, (TTTA), 10 14 1.1 (0.3-4.1)
Dominant model  (TTTA)qther{ TTTA)other 77 95 1.0

(TTTA) (TTTA) otner (TTTA) (TTTA) 98 98 1.8 (0.9-3.5)

! 0dds ratios were adjusted for age (in years), hormone replacement use (ever/never), oral contraceptive use (ever/never),
age at menarche (in years), full term pregnancies (yes/no)

? Each sibling set had at least one breast cancer case and one sister control. All the subjects included in the analysis had
information for all the covariate variables.

*p<0.05



PEd

Ahsan et al. Page -17-

Table 5. Association Between Parental Carrier Status of the Variant Allele(s)
and Breast Cancer Risk in Daughters

Test Statistic'

Variant Allele(s) Mothers’ Carrier ~ Fathers’ Carrier
Status and Disease Status and Disease
Risk in Daughters Risk in Daughters

CYPI7
C 1.47 1.40
(p-value)? (0.07) (0.08)

CYPI9 (#of repeats)

(TTTA) 1.52 -0.11
(p-value)? (0.06) (0.46)

ICalculated under additive model
2Based on one-tailed test statistics
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Summary

In this paper, we report findings from a family-based association study examining the association between poly-
morphisms in two key estrogen-metabolism genes CYPIBI (codon 432 G — C and codon 453 A — G variants)
and COMT (codon 158 G — A variant) and female breast cancer. We conducted the study among 280 nuclear
families containing one or more daughters with breast cancer with a total of 1124 family members (702 with
available constitutional DNA and questionnaire data and 421 without). These nuclear families were selected from
breast cancer families participating in the Metropolitan New York Registry (MNYR) — one of the six centers of
NCI’s Breast Cooperative Family Registry. We used likelihood-based statistical methods to examine the allelic
associations. We found none of the variant alleles of the CYP1BI and COMT genes to be associated with breast
cancer in these families. This was consistent with results from matched case-control analyses using all available
sib-ships in these families. However, we found that parental carrier status of the CYPIBI codon 453 variant G
allele and the COMT codon 158 variant A allele was associated with breast cancer risk in daughters (independent
of the daughters’ own genotype). In conclusion, findings from this family-based study indicate that a woman’s
own CYPIBI or COMT genotypes are not associated with her breast cancer risk. Although the study found that
parental carrier status of certain CYPIBI or COMT genotypes might be associated with daughter’s breast cancer
risk, the biological basis as well as independent confirmation of this finding need to be investigated in future larger
family-based studies before making meaningful inferences.

Introduction and background

Cumulative exposure to circulating estrogen is con-
sidered to be of primary importance in breast cancer
etiology. Estrogen biosynthesis, cellular binding and
metabolism involve many steps and the genes con-
trolling these steps may contribute to inherent vari-
ability in breast cancer susceptibility. Endogenous
estrogen is produced predominantly in the ovarian
theca cells in premenopausal women and in the breast
stromal adipose cells in postmenopausal women but
metabolized in different tissues. The current study

focuses on CYPIB1 and COMT, two key genes that
control the metabolism of estradiol and estrones once
they are synthesized from their lipid precursors.
CYPIBI1 catalyzes the conversion of estradiol to
4-OH catechol estrogen metabolites. The 4-OH cat-
echol estrogen metabolites have been postulated to be
capable of initiating mammary tumors through their
reactive metabolites [1]. Recently, reactive metabo-
lites of 4-OH catechol estrogens, that is, 3- and 4-OH
quinones and semiquinones have been shown to ini-
tiate mammary tumors in animals through formation
of depurinating DNA adducts which are capable of
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creating de novo mutations [2]. CYP1B1 expression
is altered by the 2,3,7,8-tetrachloro dibenzo-p-dioxin
(TCDD) [3] and has been immunohistochemically de-
tected in breast and other tumor tissues [4-6] but
not in normal tissues [7]. The gene encoding hu-
man CYP1B1 is located in the chromosome 2p21-22
region and contains three exons and two introns [3, 8].

Two CYPI1BI polymorphisms, m1 and m2, result-
ing from base substitutions in codon 432 (Val — Leu)
and 453 (Asn—Ser) respectively, have been detected
in exon 3 which encodes the catalytically impor-
tant heme-binding domain of the enzyme. The func-
tional relevance of these variants in relation to disease
risk is not clearly understood. To date, four pub-
lished studies have examined the associations between
CYP1BI variants and breast cancer. Bailey et al. first
examined the hypothesis among 219 Caucasian and
African-American cases and their frequency-matched
(on age and race) controls [9]. The frequencies of
ml and m2 alleles differed significantly between
the Caucasian and African-American subjects in this
study. Approximately 40% of the Caucasian women
carried the M1 Val allele as compared to 70% of the
African-American women. Similarly, 17.4% of the
Caucasian women carried the rare m2 Serine allele
as compared to only 3.4% of the African-Americans.
Although the authors did not find a significant asso-
ciation between these CYPIBI codon 432 and codon
453 variants and breast cancer, the codon 432 variant
C allele was significantly associated with the estrogen
and progesterone receptor negative breast cancers [9].
Zheng et al., in a case-control study in China found
an increased risk of breast cancer in relation to the
codon 432 C allele [10]. Similar associations between
the codon 432 variant C allele and breast cancer were
also found by Watanabe et al. among Japanese women
[11] and by Kocabas and colleagues among Turkish
women [12].

COMT detoxifies the catechol estrogen metabol-
ites (4-OH estradiols/estrones) which have been pos-
tulated to be capable of initiating mammary tumors
through their reactive metabolites by formation of de-
purinating DNA adducts which are capable of creating
de novo oncogenic mutations [2]. The COMT en-
zyme catalyzes the transfer of a methyl group from
the S-adenosyl-L-methionine to the m-hydroxy group
of catechol compounds, rendering the catechol estro-
gens more water soluble and enhancing excretion from
the body [1]. The gene that encodes COMT is poly-
morphic, with a G to A transition in exon 4, resulting
in a valine to methionine substitution at codon 158

[13]. About 25% of women in the general population
are homozygous for this variant allele. The variant
allele is heat labile and has a six-fold lower activity
than the normal wild-type allele. Women with this low
activity allele thus have a lower excretion of carcino-
genic catechol estrogen metabolites and thus may be
at a higher risk of breast cancer. A nested case-control
study in Maryland first showed that postmenopausal
women homozygous for the COMT low-activity allele
(AA genotype) are more than twice as likely to get
breast cancer than those carrying at least one normal
allele (GG or GA genotype) [14]. After publication
of this finding, several other case-contro! studies have
also examined this association. The Western New York
study found a two-fold (OR 2.1, 95% CI 1.4-4.3) in-
creased risk among premenopausal women [15]. The
Carolina Breast Cancer Study however, found no sub-
stantial increased risk in relation to the low-activity
genotype [16]. The authors of the original article
showed a higher risk in relation to COMT low-activity
allele among Maryland women with low levels of
serum folate [17]. Three of the four published studies
among Asian women found the variant COMT low-
activity allele to be significantly associated with breast
cancer (OR 4.0, 95% CI 1.1-19.1 among Taiwanese
[18]; OR 1.7,95% CI 1.0-2.8 among Korean [19}; and
OR 4.0, 95% CI 1.1-19.1 [20] and OR 1.0, 95% CI
0.5-2.0 [21] among Japanese). On the other hand, two
published studies among Scandinavian women found
an inverse association (OR 0.4, 95% CI 0.2-0.9 among
Finish women and OR 0.8, 95% CI 0.4-2.0 among
Swedish women) [22, 23].

All published studies examining the association
between the CYPIBI and COMT polymorphisms and
breast cancer used a classical case-control design,
which may be susceptible to population stratification
bias. In this study, using a family-based design, we
evaluated the hypotheses that breast cancer risk is
elevated among carriers of the CYP1B1 codon 432
G— C and codon 453 A — G variants, which are
associated with increased activity of CYP1B1, and
carriers of COMT codon 158 G — A variant, which
is associated with decreased COMT activity among
nuclear families participating in the Metropolitan New
York Registry (MNYR) — one of the six international
centers of U.S. NCI’s Breast Cancer Family Registry
(BCFR) project. All published studies focused on the
relationship between a woman’s own constitutional
genotype and her breast cancer risk. A body of recent
literature has provided limited data suggesting that a
woman’s breast cancer risk may be related not only
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to her own endogenous estrogens during adolescence
and adulthood, but also to her prenatal exposure, that
is, in utero exposure to her maternal circulating es-
trogens [24-29]. In addition to the main hypotheses
about the association between a woman’s own gen-
otype and her breast cancer status, the family-based
design of the current study allowed us to address this
additional hypothesis indirectly, by examining the as-
sociation between maternal carrier status of CYP1B]
or COMT gene variants (i.e., in utero exposure to an
altered level of maternal estrogens) and breast cancer
status in daughters.

Methods

The descriptions of the sources of study participants,
their recruitment and data collection methods as part
of the parent MNYR project have been described
in details elsewhere [http://www.ccc.columbia.edu/
metro.html] [30]. Briefly, the MNYR has been re-
cruiting high risk breast and/or ovarian cancer families
from clinical and community settings within the met-
ropolitan New York area since 1995 who met the fol-
lowing criteria: families having one or more members
with breast cancer or ovarian cancer diagnosed at <45
years of age; one or more members with both breast
and ovarian cancer; two or more relatives with breast
or ovarian cancer diagnosed at age >45 years, or any
male with breast cancer. This unique resource can be
used to identify new avenues for prevention, detection
and treatment of breast cancer. After identification of
a potentially eligible family through a proband, he/she
is invited to participate in the registry and his/her fam-
ily’s eligibility is assessed. If the proband agrees to
participate and his/her family meets the eligibility cri-
teria, with appropriate informed consent, he/she is
interviewed either in-person or by phone with epi-
demiology and family-history questionnaires. A self-
administered dietary questionnaire is also provided for
return by mail. A brief follow-up questionnaire will be
completed each year. In addition, a sample of blood
or buccal cells is also collected from the participants.
Once the proband provides permission to contact fam-
ily members, they are invited to participate. If the
family members consent to participate, questionnaire
data, blood or buccal samples from them are also col-
lected in a similar manner. Tumor tissue samples are
collected and reviewed histopathologically for parti-
cipants affected with cancer. Participants in MNYR
are provided information newsletters and are invited
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to attend educational seminars. Participants have ac-
cess to referrals to the Cancer Genetic Program(s) in
and around New York City for counseling and genetic
testing are provided upon request. To date, the MNYR -
has enrolled nearly 1200 families and nearly 4000 total
participants.

For the present family-based study, we included
nuclear families having at least one affected daughter
with DNA and at least one parent and/or sibling with
DNA. Altogether, 280 families met these eligibility
criteria. Respondents can participate in the MNYR
with or without completion of the full epidemiology
questionnaire and/or blood samples. There were 1123
family members in the 280 eligible nuclear families of
which 702 completed the full epidemiology question-
naire and provided blood samples. However, accurate
data on relevant variables for the statistical method
used in this study (see below) for the remaining 421
members were available from the family-history ques-
tionnaire completed by the 702 members. There was
99% concordance in data on age and affected status
between women who completed the full epidemiology
questionnaire and women who did not.

In this study, we typed the participants for the
CYPIBI codon 432 G — C (NCBI rs# 1056836) and
codon 453 A — G variants (NCBI rs# 1800440) and
the COMT codon 158 G — A variant (NCBI rs#
4680). A total of 26 subjects could not be typed for
the CYP1B1 variants and 23 subjects could not be gen-
otyped for the COMT variant. Thus, genotype data
were available on a total of 676 members (from 278
nuclear families) for CYPIBI and 679 members (from
277 nuclear families) for COMT.

The genotyping was performed using template-
directed primer extension with detection of incor-
porated nucleotides by fluorescence polarization in a
96-microwell-based format, essentially as described
[31, 32]. Master DNA 96-well plates containing
10 wg/ml were used to make replica plates containing
25ng DNA/well. First, genomic DNA was amplified
by polymerase chain reaction (PCR) using the ap-
propriate primers as follows: forward 5'- TGT CAA
CCA GTG GTC TGT GAA -3’ and reverse 5'- AAA
TCA TCA CTC TGC TGG TCA -3’ for the CYPIB1
codon 432 G — C SNP; forward 5'- GAC CCA GTG
AAG TGG CCT AA -3’ and reverse 5'- GCC AGG
ATG GAG ATG AAG AG -3’ for the CYPIBI codon
453 A — G SNP; and forward 5'- TCA CCA TCG
AGA TCA ACC CC -3’ and reverse 5'- ACA ACG
GGT CAG GCA TGC A -3’ for the COMT codon 158
G— ASNP.
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PCR was carried out in 10l reaction mixture
containing 25 ng of genomic DNA, 1.6 pmols of each
forward and reverse primers, 11 of 10x PCR buf-
fer, 0.5Units of Taq polymerase (Roche Molecular
Biochemicals, Indianapolis, IN), 0.25 1 of 10mM
dNTPs (Roche) and 5.75 1 water. The thermocycling
conditions for all three SNPs were: initial denatur-
ation for 6min at 94°C, followed by 35 cycles of
denaturation for 30s at 94°C, annealing for 45s at
specific temperature (55°C for CYPIBI codon 432
G — C and CYPIBI codon 453 A — G and 60°C for
COMT codon 432 A— G SNPs) and 1min exten-
sion at 72°C, with a final extension at 72°C 4 min.
After PCR amplification (125bp for CYPIBI codon
432 G- C, 176bp for CYPIBI codon 453 A— G,
and 96bp amplicon for COMT codon 158 G — A),
the primers and dNTPs were digested with the Shrimp
alkaline cocktail containing 1 unit of shrimp alkaline
phosphatase (Roche), 1l of 10x buffer and 1 unit
of E. Coli exonuclease I (10u/jLl, United States Bio-
chemical, Cleveland, OH) and 7.9l of water for
45min at 37° followed by heating at 95° for 15min
to deactivate the enzyme. Then, single nucleotide
extension was carried out in the presence of
the appropriate allele specific ddNTPs differentially
fluorescence-labeled with either R110 or TAMRA
(Acycloprime FP SNP Detection kits G/C, C/T and
G/A for the CYPIBI codon 432 G— C, CYPIBI
codon 453 A— G, and COMT codon 158 G— A
SNPs, respectively, purchased from Perkin Elmer
Life Sciences, Boston, MA). For the single nucle-
otide extension reaction, both forward and reverse
probes were tested to select the optimum based on
clear signal differences. The optimum chosen were
the reverse extension primer 5’- AAA GTT CTC CGG
GTT AGG CCA CTT CA -3’ for CYP1BI codon 432
G — C, the reverse extension primer 5- CTC TGC
TGG TCA GGT CCT TG -3’ for CYPIBI codon 453
A— G and the forward extension primer 5'- GGA
TGG TGG ATT TCG CTG GC -3’ for COMT codon
158 G — A SNPs. Reaction mixture (13 pwl/well) con-
taining 0.05 1 Acycloprime enzyme, 1 w1 Terminatior
mix, 2 pl 10x reaction buffer, 0.5 .1 extension primer
(10pmol/ul) and 9.45 1 water was added to 7 ul
of PCR product. Single base extension was carried
out under specific conditions for the CYPIBI codon
432 G— C and CYPIBI codon 453 A— G (heat-
ing at 95°C for 2 min followed by 30 cycles of 95°C
for 15s and 55°C for 30s) and COMT codon 158
G— A (heating at 95°C for 2min followed by 25
cycles of 95°C for 15s and 55°C for 30s) SNPs.

Finally, the fluorescence polarization was measured
with a Perkin Elmer Victor instrument. All the assays
were performed with laboratory personnel blinded to
the subject’s disease status or family relationships. In
addition to assay specific quality control samples, 10%
of samples were re-assayed after re-labeling to keep
laboratory staff blinded to its identity.

We employed the Family Genetic Analysis Pro-
gram (FGAP [33, 34]) to test the null hypothesis
of no association between genotype and breast can-
cer risk in nuclear families. The FGAP computes
two test statistics: (1) the nonfounder statistic (NFS),
a generalization of the transmission disequilibrium
test (TDT) [35, 36] which evaluates transmission dis-
equilibrium from parents to offspring, and (2) the
Sounder statistic (FS), which compares the distribu-
tion of parental genotypes to that expected under the
null hypothesis of no association. The FGAP sta-
tistics fully exploit data from families with variable
numbers of affected/unaffected members with variable
(known/unknown) patterns of parental genotypes.

Based on the prior evidence {9-12, 14-16, 18,
19, 21-23] we hypothesized that breast cancer risk is
elevated among carriers of the variant alleles in two
key estrogen-metabolism genes (CYP1BI codon 432
G— C and codon 453 A— G variants and COMT
codon 158 G — A variant). The data analysis was
focused on two specific components of the study hy-
potheses: (1) whether a woman’s carrier status of the
hypothesized alleles is associated with her breast can-
cer status, (2) whether parental carrier status of the
hypothesized alleles is associated with their daughter’s
breast cancer risk.

For testing the first component of our hypotheses,
we applied the FS and NFS to assess whether spe-
cific genotypes of each of the studied genes are related
to breast cancer. Since FS and NFS follow a normal
Gaussian distribution under the null hypothesis, the
assessment of statistical significance of the association
can be done based on the deviation of these statistics
from the standard critical values under normal distri-
bution. The detailed descriptions for the calculations
of NFS and FS and their utility and interpretations are
provided elsewhere [30] and will only be briefly men-
tioned here. For simplicity, we describe these anal-
yses for the COMT codon 158 G— A variant as
applied to nuclear families consisting of two parents
and at least one daughter. Parents may be untyped
and the mother’s breast cancer status may be un-
known. The test statistics, which are likelihood-based
score statistics, are obtained by summing the score




A family-based genetic association study 125

Table 1. Genotype distribution of the study population by gender, family relationship and affected status

Mothers Daughters Fathers  Sons  Total
Affected  Unaffected  Affected  Unaffected
CYPIBI codon 432
GG 3 18 106 63 10 19 219
GC » 8 25 137 104 26 23 323
cc 2 14 58 40 3 8 125
Unknown 62 145 0 0 238 0 445
Total 5 202 301 207 271 50 1112~
CYPIBI codon 453
AA 7 41 214 157 19 37 475
AG 4 11 80 43 12 11 166
GG 0 3 10 4 3 3 23
Unknown 66 148 0 0 246 0 460
Total 77 203 304 209 280 51 1124
CcoMT
GG 3 9 81 49 4 11 157
GA 8 43 148 101 27 23 350
AA 2 8 71 52 . 11 16 160
Unknown 63 141 0 0 235 0 439
Total 76 201 300 202 277 50 1106

contributions from each family in three steps. In the
first step, we impute a probability distribution for the
genotypes of each pair of parents with unknown ge-
notype based on maximum likelihood estimates of
the genotypes (GG, GA and AA), conditional on the
observed genotypes of all family members. These esti-
mates do not require the assumption of Hardy-
Weinberg frequencies for parental genotypes. In the
second step, we used the parental genotype distri-
bution (known or inferred) and the offspring’s ob-
served genotypes to evaluate disequilibrium in the
transmission of COMT A from parents to daughters.
This evaluation was done via the NFS, which under
the null hypothesis of no transmission disequilibrium
from parent to offspring has an asymptotic standard
Gaussian distribution. The NFS generalizes the TDT
to families with untyped parents and to families with
both affected and unaffected daughters. It is more
powerful than the sibling TDT (S-TDT) test [37] when
applied to families without unaffected daughters. In
the final step, we used the inferred parental genotypes
(and the mothers’ breast cancer phenotypes) in the FS
to compare the parental genotype distribution to the
expected distribution under the null hypothesis of no
association. This statistic treats the affected and unaf-

fected mothers like cases and controls in a case-control
study. However, each parent’s contribution is weighted
in proportion to his/her number of affected and un-
affected daughters, so that parents of many affected
daughters receive higher weights than do those of few
affected daughters.

To test the second component of our hypothesis,
that is, the association between maternal carrier status
and daughter’s breast cancer status, we evaluated
whether the genotypes of mothers with more affected
daughters differ from those of mothers with less af-
fected daughters. Such deviation might be expected
if some aspect of a daughter’s in utero environment,
governed by the mother’s genotype, influences the
daughter’s risk of subsequent breast cancer develop-
ment. The FS was easily adapted to evaluate this
question, by comparing separately the observed or
imputed genotypes of mothers with a higher number
of affected daughters to those of mothers with less
number of affected daughters. We also examined the
association between father’s carrier status and daugh-
ter’s breast cancer risk. However, we did not have any
a priori hypothesis to find an association.

In addition to testing the null hypothesis, it is
useful to estimate a measure of association between
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Table 2. Distribution of participating nuclear families of the CYPIBI codon 432/codon 453 and COMT variant alleles, and number
of affected/unaffected daughters according to mother’s breast cancer status, mother’s and father’s carrier status

Number of Number of nuclear families according to
daughters  mother’s breast cancer status and genotype

Total Number of nuclear families Total
according to father’s genotype

Affected Unaffected

Carrier Noncarrier Unknown

Affected/  Carrier Noncarrier Unknown Carrier Noncarrier Unknown

Unaffected

CYPIBI codon 432
1/0 2 1 18 16 13 32 82 8 4 70 82
171 6 1 38 18 2 86 151 12 5 134 151
12 1 0 1 1 2 14 19 5 1 13 19
173 0 0 1 1 1 0 3 1 0 2 3
2/0 1 1 3 2 0 9 16 2 0 14 16
21 0 0 0 0 0 2 2 0 0 2 2
2+2+ 0 0 1 1 0 2 4 1 0 3 4
Total 10 3 62 39 18 145 277 29 10 238 277

CYPIBI codon 453
1/0 2 1 20 9 20 31 8 6 8 69 83
11 1 4 40 5 14 89 153 7 8 138 153
122 1 0 1 0 2 15 19 1 3 15 19
13 0 0 1 ] 2 0 3 1 0 2 3
2/0 0 2 3 0 2 9 16 0 0 16 16
2/1 0 0 0 0 0 2 2 0 0 2 2
2+/2+ 0 0 1 0 1 2 4 0 0 4 4
Total 4 7 66 14 41 148 280 15 19 246 280

coMT
1/0 2 2 19 24 5 34 8 14 0 72 86
1 5 1 38 19 4 82 149 19 3 127 149
12 1 0 1 3 0 14 19 3 1 15 19
173 0 0 1 1 0 0 2 0 0 2 2
2/0 2 0 3 2 0 8 15 1 0 14 15
21 0 0 0 1 0 1 2 1 0 1 2
2+2+ 0 0 1 i 0 2 4 0 0 4 4
Total 10 3 63 51 9 141 277 38 4 235 2717

genotype and risk, such as the odds-ratio, and to Results

evaluate the effects of potential confounding by hor-
monal factors. To do so, we also performed con-
ditional logistic regression analyses [38, 39] on all
the available sib-ships containing at least one affected
sib and at least one unaffected sib who had provided
blood samples and relevant epidemiology data for sta-
tistical adjustment (165 sib-ships for CYP1BI codon
453 A— G, 163 sib-ships for CYPIBI codon 432
G — C, and 160 for COMT).

Of the 280 nuclear families eligible for CYPIBI codon
453 analyses 232 were Caucasian, 4 were African-
American, 41 were Hispanic, and 3 were Asian-
American. Of the 277 nuclear families eligible for
the CYPIBI codon 432 and COMT analyses 229
were Caucasian, 4 were African-American, 41 were
Hispanic, and 3 were Asian-American. Table 1 shows
the distribution of the study subjects according to the
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Table 3. Association between the CYPIBI codon 432/codon 453 and COMT variant alleles and breast cancer

Allele type Association between CYP17/CYP19 variant alleles and breast cancer
Estimated Nonfounder Statistics Founder Statistics
population allele
frequency (%) Recessive Dominant  Additive Recessive Dominant Additive
model model model model model model
CYPIBI codon 432
C 42.77 0.32 -0.83 —0.43 1.35 0.44 112
(p-value) (0.38) (0.20) (0.33) (0.09) 0.33) (0.13)
CYPIBI codon 453
G 16.09 0.59 0.43 0.64 233 1.09 177
(p-value) (0.28) 0.33) (0.26) (0.01) 0.14) (0.04)
coMT
A 49.40 —0.48 -1.01 —1.08 1.47 1.30 181
(p-value) (0.32) (0.16) (0.14) 0.07) 0.10) (0.04)

CYPIBI and COMT genotypes, by family position
and breast cancer status. Of those with known gen-
otypes, the frequencies of the CYPIB] codon 432
variant C and codon 453 variant G alleles were 43.0%
and 16.0%, respectively, in our study population. The
frequencies of these variant alleles appeared to be sim-
ilar across relative types and affected status. Similarly,
of those with known genotypes, the frequency of the
COMT A allele was 50.2% in our study population
with similar distribution across relative types and af-
fected status. These frequencies were consistent with
those found in Caucasian populations in other studies
in the U.S. [9, 14-16].

Table 2 shows the distribution of the nuclear fam-
ilies according to mother’s and father’s carrier status
and mother’s and daughter’s affected status. The ma-
jority (~54%) of the nuclear families contained one
affected and one unaffected daughter. The majority
of the nuclear families had one or more parents who
did not have genotyping information available, These
patterns were similar for distributions for all three
variants.

Table 3 presents the FS and NFS for testing the as-
sociations between the a priori hypothesized CYPIBI
codon 432 variant C and codon 453 variant G alleles
and COMT codon 158 variant A allele and breast can-
cer. Each test statistic has approximately a standard
Gaussian distribution under the null hypothesis of no
association between genotype and breast cancer risk.
A positive value of a NFS reflects excess transmis-
sion of the variant allele to affected daughters, and
a negative value represents fewer such transmissions

than expected under the null. Thus a test statistic that
is positive and large would suggest that the variant
allele is associated with increased risk; similarly, a
test statistic that is negative but large in absolute value
would suggest that the variant allele is associated with
reduced risk. We computed the FS and NFS under re-
cessive, dominant and additive models (realizing that
this may have increased the chance of our finding of
a statistically significant association — ‘see discussion
section”’).

As seen in Table 3, based on the NFS, none of the
three variant alleles was associated with breast cancer
under any of the risk models. The FSs for the associ-
ation between the CYPIBI codon 453 variant C allele
and breast cancer were statistically significant (2.33
and 1.77 under the recessive and additive models, re-
spectively, which are higher than the critical value
1.65) for a one-tailed test statistic. Similarly, the FS for
the association between the COMT codon 158 variant
A allele and breast cancer was statistically significant
(1.81 under the additive model, which is higher than
the critical value 1.65) for a one-tailed test statistic.
However, in the absence of any association based on
NES (which is more robust) the associations based on
FS are unlikely to be meaningful.

Table 4 presents the results of conditional logistic
regression analysis comparing the CYPIBI Codon
432/Codon 453 and COMT genotypes between af-
fected and unaffected sisters. Trends in Odds ratios for
CYPIBI codon 432 analyses seem to be more in ac-
cord with results of FS. These results, adjusted for age
(in years), hormone replacement use (ever/never), oral
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Table 4. Conditional logistic regression analysis of discordant
sib-ships for the association between CYP1BI codon 432/codon 453
and COMT genotypes and breast cancer

Gene (number Affected  Unaffected  Adjusted odds
of sibling sets/ ratios for
cases/controls)? breast cancer®
CYPI1BI codon 453 (165/171/187)
Recessive model
AA/AG 167 183 1.0
GG 4 4 1.4 (0.3-7.0)
Additive model
AA 119 140 1.0
AG 48 43 1.9(0.94.0)
GG 4 4 2.5(0.4-14.3)
Dominant model
AA 119 140 1.0
- AG/GG 52 47 1.9 (0.9-4.1)
CYPI1BI codon 432 (163/169/185)
Recessive model
GG/GC 136 148 1.0
cC 33 37 1.0 (0.5-2.0)
Additive model
GG 60 57 1.0
GC 76 91 0.8 (0.4-1.5)
cC 33 37 0.8 (0.3-2.0)
Dominant model
GG 60 57 1.0
GC/CC 109 128 0.8 (0.4-1.5)
COMT (160/166/181)
Recessive model
GG/GA 124 136 1.0
AA 2 45 1.1 (0.6-2.1)
Additive model
GG 46 44 1.0
GA 78 92 0.7 (0.3-1.3)
AA 42 45 0.8 (0.3-1.9)
Dominant model
GG 46 44 1.0
GA/AA 120 137 0.7 (0.3-1.4)

2 Each sibling set had at least one breast cancer case and one sister
control. All the subjects included in the analysis had information for
all the covariate variables.

b Odds ratios were adjusted for age (in years), hormone replace-
ment use (ever/never), oral contraceptive use (ever/never), age at
menarche (in years), full term pregnancies (yes/no).

contraceptive use (ever/never), age at menarche (in
years) and full term pregnancies (yes/no), are consis-
tent to the FGAP results that none of the three variant

Table 5. Association between mothers’ and fathers’ carrier status of
the variant allele(s) and breast cancer risk in daughters®

Variant allele(s) Mothers’ carrier Fathers’ carrier
status status
CYPIBI codon 432
C 147 1.58
(p-value) 0.07) (0.06)
CYPI1BI codon 453
G 1.95 3.17
(p-value) (0.03) (<0.001)
COMT
A : 1.90 2.45
(p-value) (0.03) (0.01)

2 Based on FS calculated under additive model.

alleles was statistically significantly associated with
breast cancer under any of the risk models. Table 5
presents results relating maternal and paternal car-
rier statuses for the variants of estrogen-metabolism
genes CYPIBI and COMT with breast cancer risk in
daughters. Mothers (and fathers) of higher numbers
of affected daughters were more likely to carry the
CYP1BI codon 453 G allele and the COMT codon 158
variant A allele than mothers (and fathers) of fewer
unaffected daughters. Although parental carrier status
of the CYPIBI codon 432 C allele tended to be pos-
itively associated with daughter’s breast cancer this
association was not statistically significant.

Discussion

Given the established hormonal roles in breast cancer
etiology and the demonstrated ability for the estro-
gen metabolites to initiate mammary carcinogenesis,
the hypothesis for the relationship between variants
in genes controlling estrogen metabolism and breast
cancer risk has a strong biologically basis. However,

" in spite of the strong biological basis, the findings

from published case-control studies examining this
hypothesis have been inconsistent. In this study, we in-
vestigated the hypothesis by employing a family-based
design.

Our study did not find any association between any
of the three variant alleles in the CYPIBI and COMT
genes and breast cancer. The CYPIBI codon 453 G
allele and the COMT codon 158 variant A allele were
associated with breast cancer based on the FS (which
is susceptible to population stratification bias) under
certain genetic models. However, given the absence of



an association based on statistically more robust NFS
(against population stratification bias) under any of the
studied genetic models, we do not believe that these
associations based on FS are real.

Three of the five prior published studies, all in non-
US populations, found a positive association between
the CYPIBI codon 432 C allele and breast cancer
[9-12, 40]. The reasons for the discrepancy between
our study and prior studies are not clear. If the lack
of association observed in our study is real then one
possible explanation would be that potential biases
(especially population stratification bias) may have
produced a spurious association in case-control stud-
ies to which our methodologically robust family-based
design is less susceptible. However, the fact that
the three positive studies were done in three differ-
ent populations (Chinese, Japanese and Turkish) and
two negative studies were done in the U.S. popu-
lation (who are more likely to have mixed ethnic
ancestries) makes population stratification an unlikely
explanation for the results in these case-control studies
[10-12].

Our finding of a lack of association between the
COMT codon 158 variant A allele and breast cancer
is similar to the two prior case-control studies conduc-
ted among Scandinavian populations (one in Sweden
and another in Finland) where the possibility of pop-
ulation stratification bias is less likely (since genetic
background of the cases and controls were likely to be
similar) [22, 23]. The case-control studies that showed
positive associations were conducted in the US and the
Asian populations in which the possibility of popula-
tion stratification is likely. However, since our study
population is of modest size, the statistical stability of
our findings may also be questioned.

Our study also evaluated whether parental geno-
types are associated with the breast cancer risk in the
daughters (independent of daughter’s own genotype)
in addition to evaluating main associations between a
woman’s breast cancer risk and her own constitutional
genotype. We found that parental (both maternal and
paternal) carrier status for the CYPIBI codon 453 G
allele and the COMT codon 158 variant A allele is
associated with breast cancer risk in daughters. The
association in relation to maternal carrier status is
biologically relevant to evidence from the prior liter-
ature on the association between in utero exposure to
hormonal factors and breast cancer risk in adulthood
[24-29]. However, the association in relation to pa-
ternal carrier status is an unexpected finding and is
not consistent with the in utero hormonal exposure
hypothesis. While these novel associations, if real,
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may prove to have important implications in advan-
cing our understanding of the breast cancer etiology,
given that this is the first study showing such as-
sociations and also in the face of lack of any main
association, we believe that future studies need to con-
firm them before any meaningful inferences can be
made.

Several limitations of our study warrant caution
for interpreting its findings. First, the study included
nuclear families that were not selected based on a
population-based scheme. While this may limit the
generalizability of the findings, it should not affect
the validity of the observed (or lack of) associations.
Second, as mentioned above, the study sample is of
modest size and thus the possibility of failing to ob-
tain a statistically significant association due to lack
of adequate power may not be ruled out. We may not
have had enough statistical power to detect small in-
creases in risk associated with certain of the CYPIBI
or COMT genotypes. In particular, for discordant
sib-ship analyses, we lacked power to evaluate inter-
actions between genotypes and both endogenous and
exogenous hormonal characteristics, such as age at
menarche, timing and number of pregnancies and use
of exogenous hormones. The evaluation of such in-
teractions will be the subject of separate future anal-
yses, based on additional numbers of CFR families.
Third, the current study employed multiple compar-
isons: three different alleles for two statistics under
three different genetic models leading to 18 compari-
sons. It is possible that multiple comparisons may have
led to one or more of the observed associations, es-
pecially those relating parental carrier status and risk
in offspring. Fourth, the fact that these associations
were observed for both paternal and maternal carrier
status, may be suggestive against a biological spe-
cificity of the finding. Finally, the functions of the
examined variants in the CYPIB1 and COMT genes
are not clearly known. Moreover, the CYP1B1 gene
is known to be inducible, which makes the func-
tional significance of the variants more difficult to
interpret.

In conclusion, our family-based study found that
the CYP1BI codon 432 variant C and codon 453 vari-
ant G alleles and COMT codon 158 variant A allele are
not associated with breast cancer among families par-
ticipating in the MNYR breast cancer family registry.
Although the study suggests that parental carrier status
of these alleles is associated with breast cancer in
daughters in these families, these associations should
be interpreted with caution and need to be confirmed
in future larger family-based studies.
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